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Highlights 
x High levels of childhood trauma were reported in individuals vulnerable to suicide, in 
particular, in individuals who had previously made a suicide attempt.  
 
x Higher levels of childhood trauma were found to be associated with lower resting 
cortisol and blunted cortisol reactivity to stress. 
 
x Family history of suicide did not interact with childhood trauma to predict additional 
variability in (low) levels of cortisol at rest or in response to stress.  
 
Effects of childhood trauma on cortisol levels in suicide attempters and ideators 
 
 
ABSTRACT 
Objectives: Suicide is a global health issue. Dysregulated hypothalamic-pituitary-adrenal 
(HPA) axis activity, as measured by cortisol levels, has been identified as one potential risk 
factor for suicide. Recent evidence has indicated that blunted cortisol reactivity to stress is 
associated with suicidal behavior. The current study investigated whether childhood trauma 
was associated with blunted cortisol reactivity to a laboratory stressor and resting cortisol 
levels in suicide attempters and ideators. Methods: 160 participants were recruited and 
grouped according to history of previous suicidal attempt, suicidal ideation or as control 
participants. Participants completed background questionnaires, including the Childhood 
Trauma Questionnaire, before completing a laboratory stress task. Cortisol levels were 
assessed at rest and during the stress task. Results: The highest levels of childhood trauma 
were reported in those who had attempted suicide (78.7%), followed by those who thought 
about suicide (37.7%) and then those with no suicidal history (17.8%). Moreover, regression 
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analyses showed that childhood trauma was a significant predictor of blunted cortisol 
reactivity to stress and resting cortisol levels, such that higher levels of trauma were 
associated with lower cortisol levels in those with a suicidal history. Family history of suicide 
did not interact with the effects of childhood trauma on cortisol levels. Conclusions: These 
results indicate that childhood trauma is associated with blunted HPA axis activity in 
vulnerable populations. The challenge for researchers is to elucidate the precise causal 
mechanisms linking trauma, cortisol and suicide risk and to investigate whether the effects of 
childhood trauma on cortisol levels are amendable to psychological intervention.     
Keywords: chronic stress, adversity, HPA axis, suicide, depression, allostatic load 
   
1. INTRODUCTION 
Suicide is a global health issue accounting for 1.5% of all mortality. Researchers have 
been investigating the causes of suicidal behavior for decades to identify risk factors in order 
to inform interventions. Recently, a small number of studies has explored whether cortisol 
reactivity to laboratory stressors may be associated with suicide attempt and ideation. For 
example, McGirr et al. (2010) investigated whether dysregulation of the HPA axis to a 
stressor was a heritable risk factor for suicidal behavior. In this study, a sample of first-degree 
relatives of those who died by suicide and matched controls were compared on their cortisol 
reactivity to an acute laboratory stressor. The results showed that the first-degree relatives 
exhibited a blunted cortisol response to the stressor. Another study of adult offspring of 
parents with mood disorder (Melhem et al., 2016) found the lowest levels of total cortisol 
output in the offspring who had attempted suicide (compared to the offspring with suicide-
related behavior but who had never attempted suicide, a non-suicidal offspring group and a 
healthy control group). However, they did not find a significant difference between the 
groups on a measure of cortisol reactivity to stress.  
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Most recently, 2¶&RQQRUHWDOinvestigated whether cortisol reactivity to a 
laboratory stressor differentiated individuals who had previously made a suicide attempt from 
those who had thought about suicide (suicide ideators) and control participants.  The results 
showed that participants who had made a previous suicide attempt exhibited significantly 
lower cortisol levels in response to the stressor compared to participants in the control group. 
Suicide ideators were intermediate. Moreover, participants who made a suicide attempt and 
had a family history of suicide exhibited the lowest levels of cortisol in response to stress. In 
addition, Melhem et al. (2016) also found lower cortisol output in response to stress offspring 
of parents with mood disorder who also had a parent with a history of suicide attempt. Taken 
together, the evidence is converging to suggest that low (or blunted) cortisol responsiveness 
to stress is associated with aspects of suicide behaviour in adults and that aspects of the 
dysregulation of the stress response system may be a heritable risk factor for suicide risk. 
An important next step for research in this area is to understand the factors that may 
contribute to HPA axis dysregulation in individuals vulnerable to suicide. A key candidate is 
likely to be childhood trauma. Numerous studies have linked childhood trauma to suicide 
risk, as well as to depression and psychopathology in adulthood (e.g., Carr et al., 2013; Heim 
et al., 2008; Marshall et al., 2013). For example, a large retrospective cohort study showed 
that adverse childhood experiences (e.g., abuse, neglect) increased risk of attempted suicide 
2- to 5-fold throughout the lifespan (Dube et al., 2001). A systematic review found that 
childhood trauma, including sexual abuse, physical abuse, emotional abuse, physical neglect, 
and emotional neglect, triggers, maintains and increases the recurrence of psychiatric 
disorders (Carr et al., 2013). More recently, Marshall and colleagues (2013), in a prospective 
cohort study, found that severe sexual, physical and emotional childhood abuse conferred a 
substantial increased risk of suicide risk in illicit drug users.  
Childhood trauma has been linked clearly to altered dynamics of the HPA axis and to 
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persistent sensitization of the stress response system within the context of major depression 
(Heim et al., 2000; Heim et al., 2008). In addition, the effect of childhood trauma on 
depression has also been explained by changes in glucocorticoid resistance, increased central 
corticotropin-releasing factor (CRF) activity, immune activation, and reduced hippocampal 
volume. However, the results are mixed in the context of childhood trauma and cortisol 
reactivity. For example, Heim et al. (2000) showed that women who had a history of 
childhood abuse, with and without major depression, exhibited increased cortisol to an acute 
laboratory stressor (i.e., the Trier Social Stress Test; TSST). Whereas, a study by Carpenter et 
al. (2007) showed decreased cortisol levels in response to a laboratory stressor in childhood 
maltreated men who were never depressed. In a later study, Carpenter et al. (2011) replicated 
this finding and showed that women reporting childhood physical abuse displayed a blunted 
cortisol response to the TSST compared to women without physical abuse. More recently, 
other studies have begun to emerge suggesting that early life adversity is associated with 
blunted cortisol reactivity to stress (e.g., Lovallo et al., 2012; see also Lovallo, 2013 for a 
review). Data from the Oklahoma Family Health Patterns Project showed that experience of 
adversity predicted reduced cortisol response to laboratory stress challenge (Lovallo et al., 
2012).   
In addition to cortisol reactivity to stress, evidence is also converging to suggest that 
resting cortisol levels are also associated with suicide behavior 2¶&RQQRUHWDO. A 
study by Keilp et al. (2016) found evidence of low baseline cortisol levels in those who have 
attempted suicide compared to non-attempters (Keilp et al., 2016). Similarly, Lindqvist et al. 
(2008) showed that low cortisol activity was associated with suicidal behavior. More 
recently, Melhem et al. (2017) reported that those with a suicide attempt history had lower 
hair cortisol concentrations compared to controls (as well as ideators). However, similar to 
the cortisol reactivity studies in this area, less is known about the factors that may contribute 
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to HPA axis dysregulation in individuals vulnerable to suicide. 
7KHUHIRUHXVLQJGDWDIURPWKHUHFHQW2¶&RQQRUet al. (2017) study, the primary aim 
of the current paper was to investigate whether childhood trauma was associated with low 
levels of cortisol reactivity to a laboratory stressor and lower resting cortisol levels in 
individuals vulnerable to suicide. Moreover, we were interested in exploring whether any 
observed relationships held while controlling for recent levels of depression and 
hopelessness. The secondary aim of the current study was to investigate whether family 
history of suicide interacted with childhood trauma in order to predict additional variability in 
levels of resting cortisol and cortisol reactivity to stress. 
 
2. METHOD 
2.1 Design and Participants 
Full details of the method have been reported elsewhere, therefore, only a brief 
summary is SUHVHQWHGKHUHVHH2¶&RQQRUHWDOOne hundred and sixty participants 
(100 females) were recruited to a previous attempt (n=49), a suicidal ideation but no attempt 
(n=55) and a control group (n=48) based upon established measures of suicidal behavior (see 
below). Participants were aged between 18 and 62 years (M = 26.84 years, SD = 9.32) with 
73.8% identified as Caucasian. Participants were enrolled to the study in response to a local 
advertising campaign on websites (e.g., Gumtree, Twitter), via posters, flyers and emails. 
Eligible participants were required to be at least 18 years old and to understand English. 
Suicide ideation and attempt were assessed using the Self-Injurious Thoughts and Behaviors 
Interview (SITBI; Nock et al., 2007) and the Beck Scale for Suicide Ideation (Beck et al., 
1979; Beck et al., 1988). Participants were allocated to the previous attempt group if they 
reported attempting to take their own life in the past or to the ideation group if they reported 
having thoughts of killing their self in the past 12 months. Participants were recruited to a 
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control condition who reported no history of suicide attempt or ideation (and did not report 
any current psychiatric or psychological conditions). The current study was approved by the 
Research Ethics Committee of the School of Psychology, University of Leeds and the US 
Army Medical Research and Materiel Command, Office of Research Protections, Human 
Research Protection Office. 
Of the 160 participants recruited to the study, 6 participants withdrew due to having a 
negative reaction to the Maastricht Acute Stress Test (e.g., felt faint, or did not want to take 
part in all of the stress test), 8 other participants were unable to be clearly allocated to any of 
the conditions (e.g., reporting an inconsistent suicide history or changing their suicide history 
between screening and commencing the study) and 1 participant who had extreme cortisol 
values (e.g., exhibiting values of 45.80 nmol/L and 52.42 nmol/L which remained outside the 
distribution after log transformation). Following removal of these participants, the statistical 
analysis was conducted on 145 participants (control group = 45, ideator group = 53, attempter 
group = 47; see Table 1 for demographics and Table 2 for descriptive statistics for the main 
study variables). In the attempter group, 14 reported an attempt within the previous 12 
months and 33 reported an historical attempt. In terms of family history of suicide, 25 
participants reported they had a first degree relative who had attempted or completed suicide 
(control group = 3 [6.7%], ideator group = 6 [11.3%], attempter group = 16 [34%]). At 
baseline, 26.2% (n=38) of participants reported using prescribed medication (control group = 
5 [11.1%], ideator group = 16 [30.2%], attempter group = 17 [36.2%]).   
2.2 Child Trauma Questionnaire (CTQ; Bernstein et al., 2003). 
 A brief 28-item self-report inventory was used to assess for a history of abuse or 
neglect in childhood or adolescence. The CTQ has five subscales relating to types of 
maltreatment: emotional, physical and sexual abuse and emotional and physical neglect, with 
five items for each subscale (1 = never true, 5 = very often true). It also includes a 3-item 
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minimisation/denial scale for detecting false-negative trauma reports. Each subscale has a 
cut-off score to indicate a level of severity of childhood trauma ranging from none (or 
minimal), low (to moderate), moderate (to severe) and severe (to extreme). In the current 
study, we were interested in exposure to any type of childhood trauma, therefore, we created 
a total childhood trauma score. For each subscale, participants who reported scores in the 
moderate or severe range received a score of 1 to indicate exposure to that type of trauma. 
The cut-off scores for each the subscales for moderate or severe were: emotional abuse > 12, 
physical abuse > 9, sexual abuse > 7, emotional neglect > 14, and physical neglect > 9. As a 
result, scores ranged on the CTQ ranged from 0 to 5. Internal and test-retest reliabilities, and 
content and construct validities, have been established with data from over 2,000 
respondents, including both clinical and non-clinical groups (Bernstein et al., 2003).  The 
&URQEDFK¶VDOSKDLQWKHFXUUHQWVDPSOHranged from 0.73 to 0.95. 
2.3 Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996). This BDI is 
a 21-item measure of depressive symtomatology which has been shown to yield reliable, 
internally consistent and valid scores in adult (Dozois, Dobson, & Ahnberg, 1998) and 
adolescent populations (Osman, Barrios, Gutierrez, Williams, & Bailey, 2007). The 
&URQEDFK¶VDOSKDLQWKHFXUUHQWVDPSOHZDV 0.95. 
2.4 Beck Hopelessness Scale (BHS; Beck, Weissman, Lester, & Trexler, 1974). The 
BHS is a well-established 20-item measure of pessimism for the future, which has been 
shown to be predictive of repetitive self-harm and suicide. It has also been shown to have 
internal consistency and convergent validity (Steed, 2001).  7KH&URQEDFK¶VDOSKDLQWKH
current sample was 0.88. 
2.5 Maastricht Acute Stress Test (MAST, Smeets et al., 2012) 
The MAST is a recently developed stress protocol designed to be both physiologically 
and psychologically challenging by combining an uncontrollable physical stressor (i.e., a cold 
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pressor challenge) with a social-evaluative (i.e., mental arithmetic) component (Smeets et al., 
2012). In addition, it has been shown to yield similar subjective and cortisol stress responses 
to the Trier Social Stress Test, however, it does not require the presence of a panel (see 
Kirschbaum et al., 1993). The MAST is described further in the procedure section. 
 
2.6 Procedure 
After each participant provided their consent they were led into a quiet room that 
served as a rest area. Here the participant rested for 10 minutes to allow for any HPA axis 
activation to return to baseline levels. After 10 minutes the participant was asked to provide 
their first saliva sample (resting cortisol sample). Next the MAST was introduced to the 
participants. After a short preparation and anticipation phase (5 min), participants were asked 
to complete five socially evaluated cold pressor trials where participants immersed their 
hands in cold water for varying durations (60 to 90s) over a 10-minute time span. In between 
trials, participants were instructed to perform a mental arithmetic task as fast and as 
accurately as possible and received negative feedback on their performance when mistakes 
were made. To increase unpredictability and uncontrollability participants were told the 
duration and the order of the hand immersion trials and mental arithmetic task were randomly 
chosen by the computer, whereas in reality the order and duration of trials was fixed for all 
participants. To measure cortisol reactivity to stress, saliva samples were taken using 
Salivettes (Sarstedt, Germany) during the resting cortisol phase and then at the beginning of 
the stress task (T00), at +10, +20, +30 and +40 minutes post-task.  
 
2.7 Cortisol assay methods 
Cortisol samples were collected from saliva using Salivettes and were stored at -20°C 
until assay. Cortisol levels were determined by using a competitive enzyme-linked 
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immunosorbent assay kit (ELISA) designed for analysing saliva. Intra-assay and inter-assay 
coefficients of variation of this assay were 4.26% and 4.91%, respectively. Note that all 
laboratory visits were scheduled after 11am in the morning (with 97% taking place between 
11am and 3pm) in order to ensure the sampling was not influenced by the cortisol awakening 
response.  
 
2.8 Statistical analysis 
Descriptive statistics were calculated for all study variables. The main analyses 
focused on the combined group of suicide attempters and ideators given that only 8 
participants in the control condition reported exposure to any type of moderate or severe 
childhood trauma. Before conducting the statistical analyses the cortisol levels were log 
transformed due to skewness, however, non-transformed values are presented in Table 1 for 
ease of interpretation. In addition to the resting cortisol level, two area under the curve 
measures (AUC) were calculated. Using the five sampling time points, the two AUC 
measures were determined following established procedures (*DUWODQGHWDO2¶&RQQRU
et al., 2013; Pruessner et al., 2003). Area under the curve with respect to ground (AUCg) is a 
measure of total cortisol output throughout the stressor and area under the curve with respect 
to increase (AUCi) captures the sensitivity of the HPA system and is a measure of its ability 
to change in response to the MAST. 
Hierarchical linear regression was utilised, following the procedures outlined by 
Kenny et al. (1998), to test whether childhood trauma was associated with lower levels of 
cortisol reactivity to a laboratory stressor (AUCg and AUCi) and lower resting cortisol levels 
in suicide attempters and ideators. First, in order to control for age, gender, BMI, medication 
usage, time of day and smoking status, these variables were entered in step 1 of the equation. 
Second, childhood trauma score was entered into the equation in step 2. Finally, to test 
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whether any observed relationships held while controlling for recent levels of depression and 
hopelessness, these two variables were entered into the third and final step of each equation.  
In order to test the interactive effects of family history and childhood trauma on cortisol 
levels, the regression analyses were repeated with the same variables entered in step 1 and 
step 2, but with family history entered at step 3, and the multiplicative interaction family 
history x childhood trauma interaction entered at step 4.  
[Insert Tables 1 and 2 about here ] 
 
3. RESULTS 
Descriptive statistics for the main study variables are presented in Table 2.  
In terms of childhood trauma scores, individuals in the suicide attempter group scored 
significantly higher on all subscales of the CTQ measure compared to individuals in the 
ideator and control groups, F(10, 276)=6.07, p < 0.001 (see Figure 1). Moreover, the ideator 
group was intermediate to the two other groups on all the subscales, however, their scores 
were only significantly different from controls for physical neglect (p<0.001), emotional 
abuse (p=0.038), and marginally for emotional neglect (p=0.058). In terms of exposure to any 
type of childhood trauma (that was moderate or severe), the highest levels of trauma were 
reported in the attempter group (78.7%), followed by the ideator (37.7%) and then the control 
(17.8%) groups. 
[ insert Figure 1 & 2 about here ] 
3.1. Effects of childhood trauma on resting cortisol levels in combined group of suicide 
attempters and ideators  
As outlined earlier, the effects of childhood trauma on cortisol outcomes were 
examined using hierarchical regression. As shown in Table 3, at step 1, the control variables 
together did not significantly enter the equation, although, they accounted for 9% of the 
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variance, F (6, 93) = 1.58, p = 0.16.  At step 2, as predicted, FKLOGKRRGWUDXPDȕ -0.24, p = 
0.02) significantly entered the equation, F (1, 92) = 5.47, p = 0.02, and explained an 
additional 5% in the variability in resting cortisol levels, indicating higher levels of trauma 
were associated with lower cortisol levels. In the final step, depression and hopelessness did 
not significantly enter the equation, F (2, 90) = 2.05, p = 0.13, although, the effect of 
hopelessness was statistically significant ȕ -0.26, p = 0.047). However, importantly, the 
effects of childhood trauma remained significant when depression and hopelessness were 
accounted for in the final equation.  
[ Insert Tables 3 and 4 about here ] 
3.2 Effects of childhood trauma on cortisol reactivity to stress in combined group of suicide 
attempters and ideators  
For AUCg, at step 1, JHQGHUȕ -0.24, p = 0.02) DQGPHGLFDWLRQXVDJHȕ S 
0.02) significantly entered the regression equation, and together with the other control 
variables accounted for 13% of the variance, F (6, 93) = 2.28, p = 0.04 (see Table 4). At step 
2, again as predicted, childhood traXPDȕ -0.23, p = 0.02) significantly entered the 
equation, F (1, 92) = 5.32, p = 0.02, and explained an additional 5% in the variability in 
AUCg levels, indicating higher levels of trauma were associated with lower cortisol levels. In 
the final step, depression and hopelessness did not significantly enter the equation, F (2, 90) 
= 0.93, p = 0.40 (see Figure 3 for a graphical representation based upon different levels of 
childhood trauma exposure). However, again, the effects of childhood trauma remained 
significant when depression and hopelessness were accounted for in the final equation.  
For AUCi, at step 1, none of the control variables significantly entered the regression 
equation, F (6, 93) = 1.08, p = 0.38. At step 2, childhood trauma did not significantly enter 
the equation, F (1, 92) = 0.25, p = 0.62.  Finally, in step 3, depression and hopelessness did 
not significantly enter the equation, F (2, 90) = 0.91, p = 0.41. 
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3.3 Effects of family history of suicide and childhood trauma on resting cortisol and cortisol 
reactivity to stress in combined group of suicide ideators and attempters 
As outlined above, the regression analyses were repeated but with family history 
entered at step 3, and the family history x childhood trauma interaction entered at step 4. For 
resting cortisol levels, at step 3, IDPLO\KLVWRU\ȕ S GLGQRWVLJQLILFDQWO\HQWHU
the equation, F (1, 91) = 0.50, p = 0.48. Similarly, at step 4, the family history x childhood 
trauma interaction ȕ S did not significantly enter the equation, F (1, 90) = -
0.01, p = 0.94. )RU$8&JDWVWHSIDPLO\KLVWRU\ȕ S .48) did not significantly 
enter the equation, F (1, 91) = 0.50, p = 0.48. Similarly, at step 4, the family history x 
FKLOGKRRGWUDXPDLQWHUDFWLRQȕ S GLGQRWVLJQLILFDQWO\HQWHUWKHHTXDWLRQF 
(1, 90) = -0.01, p = 0.94. Finally, for AUCiDWVWHSIDPLO\KLVWRU\ȕ -0.19, p = 0.07) did 
not significantly enter the equation, F (1, 91) = 3.40, p = 0.07 and, at step 4, the family 
KLVWRU\[FKLOGKRRGWUDXPDLQWHUDFWLRQȕ -0.29, p = 0.10) did not significantly enter the 
equation, F (1, 90) = 2.85, p = 0.10. 
 
4. DISCUSSION 
Three main findings emerged from the current study. First, high levels of childhood 
trauma were reported in individuals vulnerable to suicide, in particular, in individuals who 
had previously made a suicide attempt. Second, higher levels of childhood trauma were found 
to be associated with lower resting cortisol and blunted cortisol reactivity to stress (while 
controlling for age, gender, BMI, medication usage, time of day and smoking status). Third, 
family history of suicide did not interact with childhood trauma to predict additional 
variability in (low) levels of cortisol at rest or in response to stress.  
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The highest levels of childhood trauma were reported in the group who had attempted 
suicide. Specifically, 78.7% of participants in the suicide attempt group reported exposure to 
at least one type of childhood trauma that was classified as moderate or severe compared to 
37.7% and 17.8% in the ideator and control groups, respectively. Such high levels of 
childhood trauma in suicide attempters are consistent with existing published studies (e.g., 
Enns et al., 2006; Hassan, Stuart & De Luca, 2016; Marshall et al., 2013; Sachiapone et al., 
2007). For example, Marshall et al (2013), using the CTQ, found similarly high levels of 
moderate and severe childhood trauma being associated with suicide attempt in a prospective 
cohort study of illicit drug users. In particular, they showed that severe sexual, physical and 
emotional childhood abuse conferred a substantial increased repeated suicide risk in 
adulthood.  An earlier study by Sachiapone et al. (2007) also found that higher scores on the 
CTQ were associated with suicide attempt in patients with unipolar depression. Moreover, 
high levels of emotional abuse and emotional neglect were identified as being particularly 
important.  
Similar results, using a different measure of childhood trauma, were also found in a 
large longitudinal population-based study in the Netherlands (Enns et al., 2006). In this study 
childhood neglect, psychological abuse and physical abuse were shown to be strongly 
associated with new onset suicide ideation and suicide attempt over a 3 year follow-up. In 
fact, these authors concluded that the total number of childhood adversities (in particular, 
childhood abuse/trauma) had a strong graded relationship with suicide attempts (as well as 
with suicide ideation). Therefore, taken together, these studies suggest that childhood trauma 
may have an additive, cumulative effect on suicide risk, whereby exposure to a greater 
number of childhood adversities may increase vulnerability to suicide. However, much 
remains to be learned about factors that mediate the association between childhood trauma 
and increased vulnerability to suicide. For example, what are the precise mechanisms that 
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confer this increased risk? Do individuals who experience serious childhood adversities 
become sensitized to the negative effects of acute stress during late adolescence and early 
adulthood?  
The main finding from the current study was that higher levels of childhood trauma 
were associated with lower resting cortisol and blunted cortisol reactivity to stress (while 
controlling for age, gender, BMI, time of day, medication & smoking status). In particular, 
individuals who reported more than one moderate or severe type of childhood trauma 
exhibited the lowest cortisol levels in response to stress and at rest (see Figure 3). Notably the 
observed effects were not explained by current levels of depression or hopelessness. Our 
findings are consistent with the work of Carpenter et al. (2007) who showed that childhood 
trauma, assessed using the CTQ, was associated with lower secretion of cortisol (and 
adrenocorticotropin hormone) in response to a laboratory stress challenge (i.e., TSST). More 
recently, the same group published another study in a different sample, demonstrating that 
physical abuse in childhood, in particular, was also associated with a blunted cortisol 
response to the TSST (Carpenter et al., 2011). Further evidence of strong links between early 
life adversity and reduced cortisol reactivity to stress comes from the Oklahoma Family 
Health Patterns Project which also showed that experience of adversity predicted reduced 
cortisol response to laboratory stress challenge (Lovallo et al., 2012).  
This pattern of results is consistent with an important earlier finding by McGowan 
and colleagues (2009) in an investigation of postmortem hippocampus in individuals who 
died by suicide with and without a history of childhood abuse. Specifically, these authors 
showed that hippocampal glucocorticoid receptor expression was lowest in individuals who 
died by suicide and had a history of childhood abuse. Moreover, no differences in 
glucocorticoid receptor expression were observed between individuals who died by suicide 
without a history of childhood abuse and controls. These findings suggest that exposure to 
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early life adversity may be more closely related to glucocorticoid receptor expression, and as 
a result HPA axis activity, than completed suicide.  
 In contrast, a number of studies published by Heim et al. have shown that childhood 
trauma, in depressed and never-depressed women, have been associated with hyperactivity of 
the HPA axis in response to stress (for a review, see Heim et al., 2008). In addition, studies in 
post-traumatic stress disorder patients have also found cortisol hyperactivity following a 
stress challenge (e.g., de Kloet et al., 2006). It is difficult to reconcile our current findings, 
the work by Carpenter, Lovallo and colleagues with that of Heim and colleagues. One 
possibility is that these discrepancies are accounted for by differences in the samples under 
investigation. Many of the studies described by Heim et al. (2008) have focussed on patients 
with clinical depression and these authors have argued that stratifying groups based upon 
childhood trauma and major depression is important. For example, in their earlier work Heim 
showed that changes in stress response systems (i.e., hyperactivity) were only observed in 
depressed patients with childhood trauma, but not in depressed patients without trauma. The 
elevated stress responses in patients with major depression and trauma are likely to be 
explained by glucocorticoid receptor dysfunction, frequently observed in patients with major 
depression, that leads to disrupted glucocorticoid-mediated negative feedback (Heim et al., 
2008). If this is the case, it is possible that different mechanisms are at play in individuals 
with childhood trauma depending on whether they are clinically depressed or not. Heim and 
colleagues have suggested that sex differences, variations in type or timing of trauma(s) 
and/or genetic factors might also contribute to these divergent findings. Indeed, similar 
arguments have been proffered in the context of inconsistent findings in the cortisol and 
suicide attempt literature (e.g., 2¶&RQQRUHWDO  
We believe the current findings are important as they suggest that the experience of 
childhood trauma may predispose individuals to vulnerability to suicide by leading to blunted 
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HPA axis activity in response to stress and during rest. Evidence is accumulating that 
repeated activation of the HPA axis leads to dysregulation (e.g., Hwang et al., 2014; 
McEwen, 1998; 2000; Miller et al., 20077KLVLVEHVWDUWLFXODWHGLQWKHFRQWH[WRI0F(ZHQ¶V
concept of allostatic load, whereby if the HPA axis is repeatedly activated (by chronic stress) 
the immune, cardiovascular and the endocrine systems are potentially exposed to excessive 
demands that over time can lead to dysregulation of these systems (McEwen, 1998; 2000). In 
terms of cortisol reactivity to stress, there has been much debate about whether dysregulation 
related to exposure to chronic stress leads to hypercortisolism (enhanced secretion) or 
hypocortisolism (blunted secretion; Miller et al2¶&RQQRUet al., 2009; 2016; 
Segerstrom and Miller, 2004). The evidence is now converging to suggest that repetitive and 
sustained activation of the HPA axis stress system causes a blunted or reduced cortisol 
response over time (Fries et al., 2005; Hwang et al2¶&onnor et al., 2009; 2013). 
Indeed, this view is also in line with an influential account of the development of 
hypocortisolism, which suggests that the latter phenomenon occurs after a prolonged period 
of hyperactivity of the HPA axis due to chronic stress (see Fries et al., 2005, for detailed 
discussion of precise mechanisms). Therefore, in the current context, it is possible that in 
individuals who have experienced greater levels of childhood trauma, over a more sustained 
period, their HPA axis may have become dysregulated leading to lower levels of cortisol 
secretion at rest and in response to stress. 
An important next step for research in this area is to elucidate the precise causal 
mechanisms linking childhood trauma, low levels of cortisol and suicide risk. A number of 
candidate mechanisms have been tentatively suggested (e.g., impaired executive function, 
increased impulsiveness). For example, McGirr et al. (2010) showed that a sample of first-
degree relatives of those who died by suicide exhibited a blunted cortisol response to stress 
and they also displayed evidence of impairment in aspects of executive function (i.e., they 
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did not improve on measures of inhibition upon repeated testing after the TSST). Relatedly, 
Lovallo and colleagues (2012; 2013) showed that exposure to early adversity was associated 
with blunted cortisol reactivity to stress and altered cognitive function in the form of poorer 
working memory, greater impulsive behaviours and lower general intelligence. In the same 
sample, these authors also found evidence linking exposure to adversity to more disinhibited 
lifestyles, less stable mood regulation and being less socially connected ± all variables linked 
to suicide behaviour (Lovallo et al., 2013). More specifically, Lovallo (2013), from the 
perspective of addiction research, has suggested a conceptual model that summarises how 
adverse life experiences in childhood and adolescence can modify behaviour patterns that 
ultimately lead to adverse health outcomes. Put simply, he argues that adverse life 
experiences cause modifications in frontolimbic brain function which may then lead directly 
to: 1) reduced stress reactivity, 2) altered cognition (characterised by a shift in focus to more 
short term goals and impulsive response selection) and 3) unstable affect regulation. Taken 
together, these three negative consequences contribute to the development of a more 
impulsive behavioural style that may increase risk of addiction and the engagement in poor 
health behaviours. We contend that the development of a more impulsive behavioural style, 
and each of the precursors outlined above, are likely to also increase risk of suicide behavior. 
Therefore, the current findings relating to blunted HPA axis activity in response to stress and 
during rest in individuals with high levels of childhood trauma provide further evidence for 
one of the pathways suggested by Lovallo (2013) and extend his model to suicide behavior. 
)XWXUHUHVHDUFKRXJKWWRXWLOLVH/RYDOOR¶VIUDPHZRUNDQGH[DPLQHIXUWKHUKRZSUHFLVHOy 
childhood trauma-induced cortisol dysregulation leads to increased suicide risk. Moreover, 
the current findings are also consistent with a recently published wide-ranging review paper 
that comprehensively summarises recent work that clearly demonstrates that blunted cortisol 
reactions to acute stress (as well as blunted cardiovascular reactions) are associated with a 
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range of adverse behavioural and health outcomes including addiction, depression, 
neuroticism and impulsivity (Carroll et al., 2017). These authors build upon and expand on 
the theorising of Lovallo (2013) and provide compelling evidence to suggest that blunted 
stress reactivity is a possible marker for more central dysfunction. It is also notable that in 
their concluding remarks and future directions the authors FRPPHQW³$OWKRXJKSUHOLPLQDU\
evidence is emerging, there needs to be much more focus on the association between blunted 
VWUHVVUHVSRQGLQJDQGHDUO\OLIHDGYHUVLW\SDUWLFXODUO\HPRWLRQDOQHJOHFWDQGDEXVH´&DUUROO
et al., 2017; p. 82).    
Another important next step for research in this area is to investigate whether HPA 
axis dysregulation is amendable to psychological and/or pharmacological intervention. We 
have previously shown, in the same sample, that cortisol levels following stress challenge are 
lower (and blunted) in individuals who have made a recent suicide attempt (i.e., within the 
SDVW\HDUFRPSDUHGWRWKRVHZLWKDQKLVWRULFDODWWHPSW2¶&RQQRUHWDOIndeed 
cortisol levels in those who have made an historical attempt appeared to be closer to those 
who have no history of suicide behaviour. This suggests that psychological and/or 
pharmacological intervention may yield benefits over time and help facilitate (partial) 
recovery of the HPA axis stress response system. Therefore, we would urge researchers to 
investigate the effectiveness of psychological interventions, particularly therapies aimed at 
treating childhood trauma, and utilise a combination of psychological and endocrine 
assessments in order to fully understand the pathways linking early adversity to suicide 
behaviour.    
 We also found that family history did not interact with childhood trauma to explain 
any additional variability in cortisol levels in response to stress or at rest. Previously in this 
sample, we have reported that having a family history of suicide was associated with making 
a suicide attempt and with exhibiting the lowest cortisol response to stress in the laboratory. 
AC
CE
PT
ED
 M
AN
US
CR
IPT
 20 
This finding was in line with another study by McGirr et al. (2010) who found that first 
degree relatives of suicide completers also VKRZHGDEOXQWHGFRUWLVRODQGĮDP\ODVH
response to an acute laboratory stressor. Similarly, Melhem et al. (2016) also found lower 
cortisol output in response to stress in offspring of parents with mood disorder who also had a 
parent with a history of suicide attempt. Overall, these findings suggest that dysregulation of 
the HPA axis may be, in part, heritable and confer additional vulnerability to suicide 
behaviour. Therefore, we were interested in exploring whether individuals who had a family 
history of suicide and were exposed to moderate or severe childhood trauma exhibited a more 
blunted response to stress compared to participants who had no family history. As indicated 
above however, we found little or no evidence of an interaction suggesting that the effects of 
childhood trauma and family history on HPA axis dysregulation are independent of each 
other.  Nevertheless, we accept that one of the interactions was marginal (AUCi, p = 0.07) 
and these analyses may have been underpowered due to the relatively small sample size. 
Therefore, we would suggest that future researchers investigate this proposed interaction in 
larger samples of individuals who are vulnerable to suicide before drawing any firm 
conclusions about the role of family history of suicide in this context.  
We acknowledge that there are a number of limitations of the current study that 
require further comment. We recognise that we were unable to investigate the independent 
effects of the different types of childhood trauma given that our main analyses were focused 
only on 100 vulnerable participants. However, our approach was similar to other researchers 
who have focused on the total number of childhood adversities experienced (e.g., Enns et al., 
2006; Lovallo et al., 2012; Sachiapone et al., 2007). Moreover, in terms of experimental 
research in the suicide area, this represents DUHODWLYHO\ODUJHVDPSOHFI2¶&RQQRUHWDO
2016). We are also cognisant of the fact that the CTQ is a retrospective self-report tool that is 
open to demand characteristics, social (un)desirability, repression and memory biases, and as 
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such, we cannot confirm the veracity of the reports or if they are influenced by current levels 
of distress. However, reassuringly, it is important to note that the observed effects of 
childhood trauma on cortisol levels remained statistically significant when depression and 
hopelessness were controlled and, if anything, retrospective self-report tools may lead to an 
underestimation of actual occurrence (Hardt & Rutter, 2004). We also recognise that the 
resting baseline period in the current study design could have been longer to increase the 
likelihood that the participants had reached a fully rested state. In addition, we acknowledge 
that the resting baseline sample may have been elevated, relative to a sample taken on a 
control day, given participants were exposed to a novel experimental environment on the 
same day the resting sample was taken. However, it is worth noting that it is unlikely that 
these issues would have differentially impacted on our results in relation to suicide attempt 
status and exposure to childhood trauma.  
In conclusion, this study showed that very high levels of childhood trauma were 
observed in individuals vulnerable to suicide, in particular, in individuals who had previously 
made a suicide attempt. Higher levels of childhood trauma were associated with blunted HPA 
axis activity in vulnerable populations and these effects were independent of family history of 
suicide.  The challenge for researchers is to elucidate the precise causal mechanisms linking 
trauma, cortisol and suicide risk and to investigate whether the effects of childhood trauma on 
cortisol levels are amendable to psychological intervention.       
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Figure 1. Childhood trauma scores in attempter, ideator and control groups (n =145) 
 
 
Figure 2: Total exposure to any type of ³0RGHUDWHWR6HYHUH´childhood trauma (n = 100) 
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Figure 3. Effects of childhood trauma levels on cortisol reactivity to stress in combined group 
of suicide attempters and ideators (n = 100) 
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Table 1. Baseline characteristics for participants in each study group (n = 145) 
 
 
Characteristic 
Control 
group 
(n=45) 
Ideator 
group 
(n=53) 
Attempter 
group 
(n=47) 
Age (SD) 24 (8) 28 (8) 28 (10) 
Sex (% female) 29 (64.4) 29 (54.7) 30 (63.8) 
Current psychiatric/psychological 
diagnosis* 
   
  Depression 0 16 8 
  Anxiety 0 9 3 
  Bipolar disorder 0 0 4 
  Personality disorder 0 0 3 
 
Number of  lifetime attempts+ 
 
 
 
 
Method in most recent attempt+ 
  Own prescription drugs 
  Over-counter drugs 
  Poison 
  Immolation 
  Hanging 
  Sharp object 
  Auto exhaust 
  Suffocation 
  Alcohol 
  Salt water 
 Multiple methods 
 
 
 
 
 
 
 
 
 
1 attempt = 21  
2 attempts = 6  
3 attempts = 5  
4 attempts = 2  
t 5 attempts = 13 
 
13  
8 
2 
1 
5 
5 
1 
1 
1 
1 
9 
 
Family history of suicide (%) 
 
3 (6.7) 
 
6 (11.3) 
 
16 (34.0) 
 
Prescribed medications (%) 
 
5 (11.1) 
 
16 (30.2) 
 
17 (36.2) 
* = Participants were asked to provide details of any current diagnosed medical conditions; physical and/or 
psychiatric/psychological; + = From Self-Injurious Thoughts and Behaviors Interview  
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Table 2. Descriptive statistics (means and standard deviations) for main study variables in 
control, ideator and attempter groups (n = 145) 
 Control 
group 
(n=45) 
Ideator 
 group 
(n=53) 
Attempter  
group 
(n=47) 
Ideator/Attempt  
Combined 
(n=100) 
M SD M SD M SD M SD 
Resting cortisol (nmol/L) 3.99 2.26 4.49 3.17 4.02 3.34 4.26 3.26 
AUCg (nmol/L) 32.49 23.07 29.97 22.93 23.52 17.30 26.75 20.12 
AUCi (nmol/L) 10.05 20.04 9.34 16.65 3.40 10.60 6.37 13.63 
Physical neglect 6.42 2.34 7.04 2.66 9.36 3.96 8.20 3.31 
Emotional abuse 7.20 2.86 9.64 4.55 15.15 6.20 12.40 5.38 
Emotional neglect 8.67 4.04 11.04 4.64 15.81 5.91 13.43 5.28 
Physical abuse 5.49 1.16 6.34 2.36 9.29 5.53 7.82 3.95 
Sexual abuse 5.58 3.03 6.36 3.86 9.14 6.10 7.75 4.98 
Total CTQ exposure 0.27 0.65 0.68 1.07 2.30 1.71 1.49 1.39 
Beck Depression Inventory 8.35 7.93 22.33 12.07 23.12 12.04 22.73 12.06 
Beck Hopelessness Scale 3.64 3.23 10.41 5.01 10.02 6.30 10.22 5.66 
Note:  AUCg = area under the curve with respect to ground; AUCi = area under the curve with respect to 
increase; Total CTQ = total Childhood Trauma Questionnaire exposure score (moderate or severe) 
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Table 3. Hierarchical regression analyses testing the effects of childhood trauma on resting 
cortisol levels in suicide attempters and ideators (n = 100) 
 
 
 
 ȕ 
Step 1 
ȕ 
Step 2 
 
ȕ 
Step 3 
 
ǻ52 for 
step 
Total 
R2 
Resting 
cortisol 
      
Step 1 Time of day 
Age 
Gender 
BMI 
Medication usage 
Smoking status  
-0.20* 
-0.02 
-0.19 
0.11 
0.10 
-0.06 
-0.22* 
0.03 
-0.18 
0.11 
0.13 
-0.05 
-0.23* 
-0.01 
-0.20 
0.11 
0.12 
-0.09 
0.09  
 
Step 2 Childhood trauma  -0.24* -0.22* 0.05*  
Step 3 
 
Depression 
Hopelessness 
  0.14 
-0.26* 
 
0.04 
 
0.18 
Note: * = p < 0.05 
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Table 4. Hierarchical regression analyses testing the effects of childhood trauma on cortisol 
reactivity to stress (AUCg and AUCi) in suicide attempters and ideators (n = 100) 
 
 ȕ 
Step 1 
ȕ 
Step 2 
 
ȕ 
Step 3 
 
ǻ52 for 
step 
Total 
R2 
AUCg       
Step 1 Time of day 
Age 
Gender 
BMI 
Medication usage 
Smoking status  
-0.10 
-0.07 
-0.24* 
0.05 
0.24* 
-0.11 
-0.12 
-0.01 
-0.23* 
0.05 
0.27** 
-0.11 
-0.14 
-0.02 
-0.24* 
0.06 
0.27** 
-0.12 
0.13*  
 
Step 2 Childhood trauma  -0.23* -0.22* 0.05*  
Step 3 
 
Depression 
Hopelessness 
  0.06 
-0.09 
 
0.02 
 
0.20 
AUCi       
Step 1 Time of day 
Age 
Gender 
BMI 
Medication usage 
Smoking status  
0.06 
0.04 
-0.04 
-0.04 
0.20 
-0.12 
0.06 
0.05 
-0.03 
-0.04 
0.21 
0.12 
0.05 
0.08 
-0.03 
-0.03 
0.22* 
-0.10 
0.07  
 
Step 2 Childhood trauma  -0.05 -0.05 0.00  
Step 3 
 
Depression 
Hopelessness 
  -0.18 
-0.12 
 
0.02 
 
0.09 
Note: * = p < 0.05; * = p < 0.01 
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